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Abstract
As a step towards the development of highly sensitive and accurate biosensors for the early detection and 

monitoring of breast cancer, we have developed a refractive index sensor for the detection of CA15-3 breast cancer 
biomarker based on the deposition of gold and silver nanowires on ITO glass. 1 cm × 1 cm ITO glass was washed and 
vacuum dried. Gold films were sputtered on the clean dried ITO glass using an ion sputtering machine and labelled ITO/
Au electrode. Silver nanowires solution were deposited on the ITO/Au electrode and labelled ITO/AU/AgNWs electrode. 
The ITO/Au/AgNWs electrode was then embedded in a 12 well-plate containing CA15-3 antibody and labelled ITO/Au/
AgNWS/CA15-3 antibody electrode, which was used to detect CA15-3 antigen. The UV absorption wavelength of the 
sensor was found to be within the range of 320 nm to 350 nm. The sensor has a linear response to CA 15-3 antigen at 
concentrations ranging from 3 IU/mL to 32 IU/mL, and showed good CA15-3 detection properties with significant linear 
relationships between the wavelength change and the CA15-3 antigen concentration, the wavelength change and the 
refractive index, and the CA15-3 antigen concentration and refractive index. Our study provides a new and sure way 
towards the development of highly sensitive, accurate and efficient biosensors for the early detection and monitoring 
of breast cancer during therapy because Localized Surface Plasmon Resonance (LSPR) based detection techniques 
has an advantage over other detection techniques. Moreover, LSPR is superior to conventional methods when it comes 
to long term monitoring applications since LSPR of metallic nanoparticles do not bleach or blink. Also, the binding of 
nanoparticles to organic molecules increases the local refractive index since the index of refraction of typical buffer 
solutions are smaller than that of organic molecules. 
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Introduction
Breast cancer is one of the leading causes of death in women 

worldwide. 22.9% of breast cancers in women were invasive as reported 
in 2008 by the International Agency for Research on Cancer, this 
resulted in the death of about 40,000 women worldwide [1].

Traditional methods such as Surgical Biopsy, Mammogram, and 
Fine Needle Aspiration Cytology are currently being used for the 
diagnosis of breast cancer [2]. Even though, some of these traditional 
methods have good breast cancer detection accuracy, they are very 
costly, varies widely, invasive and not readily available to all people [3]. 
Hence, there is the need for more effective and sophisticated methods 
that are less expensive, none invasive, and readily available to all people 
for the early diagnosis and treatment of breast cancer.

In recent years, nanotechnology has gained fresh impetus and has 
been used across several fields of science. Nanomaterials such as silver 
nanowires (AgNWs), silver nanoparticles (AgNPs), gold nanoparticles 
(AuNPs), quantum dots (QDs), magnetic nanoparticle (MNPs), 
carbon nanotubes (CNTs), among others, have been used to fabricate 
biosensors. For instance; developed an electrochemical biosensor 
based on Gold Nanoparticles Doped CA15-3 Antibody and Antigen 
interaction for the detection of CA15-3 biomarker [4]. Elakkiyal et al. 
[5] also developed an optical biosensor for the detection of CA15-3 
biomarker using cadmium sulphide quantum dot (Cds-QD) in saline 
and serum samples spiked with antigen [5].

Due to its optical properties, ease of use as thin films, and good 
electrical conductivity, indium tin oxide (ITO) has gained so much 
attention and is one of the most commonly used transparent conductive 
oxides. It’s properties has made it suitable for the development of 
biosensors [6,7].

In the quest for potent breast cancer biomarkers, a lot of attention 
has been focused on mucins. The MUCI Tumor Marker, Cancer antigen 
15-3 (CA 15-3) is overexpressed in greater than 90% of breast cancers 
and metastases [8,9]. The CA 15-3 level in blood has been reported to be 
25–30 U/ml under normal conditions, but during malignancy, the level 
of CA 15-3 is increased depending on the stage of the disease [10,11]. 
CA 15-3 is an internationally accepted biomarker of breast cancer, the 
American Society of Clinical Oncology Panel, the National Academy of 
Clinical Biochemistry, and European Group on Tumor Markers Panel 
have recommended the use of CA 15-3 for monitoring the progress of 
therapy in patients with advanced breast cancer [12,13]. Hence, early 
detection of CA 15-3 is essential in diagnosis and prognosis of breast 
cancer.

There has been a higher interest and growth in optical biosensors, 
especially surface plasmon resonance based biosensors, because they 
have faster response, very high refractive index sensitivity, label free 
and real-time detection. This has made them more advantageous over 
conventional biosensors [14]. Localized surface plasmon resonance 
(LSPR) properties are determined by the size, shape and constituents 
of the nanoparticles, as well as the surrounding medium's index of 
refraction. With regards to the connection between LSPR and the factors 
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that determine its properties, many researchers and scientists have 
shown keen interest in the development of highly sensitive biological 
and chemical biosensors based on nanomaterials [15-18]. The optical 
observation of individual nanoparticles that are as small as 20 nm and 
30 nm in diameter for silver and gold respectively using a dark-field 
microscope is made possible by the high scattering of light derived from 
the LSPR of the noble metal nanomaterials [19]. This gives LSPR based 
detection techniques an advantage over other detection techniques. 

Moreover, LSPR is superior to conventional methods when it 
comes to long term monitoring applications because LSPR of metallic 
nanoparticles do not bleach or blink. The binding of nanoparticles to 
organic molecules increases the local refractive index, since the index 
of refraction of typical buffer solutions are smaller than that of organic 
molecules. These results in a spectral redshift of the peak wavelength 
in both the scattering spectra and the extinction spectra [20-22]. 
Furthermore, additional enhancements can result from the interactions 
between nanoparticles. When the gap between the different particles 
becomes smaller, the coupling will become larger. That is, increasing 
inter-particle gap results in exponential coupling decay [23-26]. As a 
result of this, widely varied biological and chemical biosensors have 
been developed [27-29].

The index of refraction of a single cell is an essential biophysical 
property that has been measured and studied since the 1950s. Refractive 
index (RI) is an important parameter that varies among different 
intracellular organelles, and also among healthy and unhealthy or 
malfunctioned cells which leads to diseases that are severe [30]. Irregular 
shape, uneven chromatin texture, and increasing size of nuclear are some 
of the abnormalities found in cancer cells [31]. Cancer prognosis and 
diagnosis is becoming a reality based on these characteristics coupled 
with the continuous improving nanoscale diagnostic techniques [30]. 
In order to get a clear picture and a better understanding of the cycles 
of abnormal cells and the increased proliferation of cancer cells, many 
researchers have delved into refractive index studies of normal cells 
and cancer cells. According to previous research [32-34], the refractive 
index of most normal cells is 1.353 RIU whereas; the refractive index 
ranges from 1.370 to 1.400 RIU for cancer cells. An increase in RI may 
be connected to increased cell proliferation in cancer patients during 
various stages of cell cycles, since atypical cell cycles and increase in 
cell reproduction are shown in many human cancer cells. Spatial low-
coherence quantitative phase microscopy was employed to measure 
the cell refractive indexes of specimen from breast biopsies [34]. The 
cells measured were; normal cells (healthy or non-cancerous cells), 
uninvolved cells (cancerous cells mistaken to be non-cancerous cells), 
and malignant cells (cancerous cells). According to their results, the 
refractive indexes of normal cells, uninvolved cells and malignant 
cells were 1.542, 1.544, and 1.545 RIU respectively. The increase in the 
nuclear refractive indexes from normal cells to malignant cells suggests 
that, nuclear refractive index might be a very important parameter for 
the diagnosis of cancer at early stages.

The effective refractive index of a single living cell was also measured 
using a microchip [35]. In their experiment, the five types of cancerous 
cells measured had their refractive indexes ranging from 1.392 to 1.401 
RIU, which were larger than the refractive indexes of the normal cells 
which ranges from 1.35 to 1.37 RIU. Cancer cells have large refractive 
indexes than normal cells due to the large amount of protein in their 
nucleus, as a results of the rapid cell division during cancer [36]. In view 
of this, the effective refractive index of the cell can be used for early stage 
cancer detection before it becomes invasive. 

Our work sort to design a refractive index sensor based on the 

deposition of gold and silver nanowires for the detection of CA15-3. 
The materials, methods, results and discussion can be found in the 
subsequent sections of this paper. Even though more work need to 
be done to make the sensor sensitive and more accurate for clinical 
purposes, our work still showed promising statistics when compared to 
previously designed CA15-3 biosensors (Table 1). 

Materials and Methodology
This section gives detailed information on some of the materials 

and reagents used in this research work. The preparation of the silver 
nanowires, gold plating of the ITO glass, the sensor fabrication process 
and the detection of CA15-3 antigen.

Materials

ITO glass was purchased from Szdiplay Company Limited 
(Shenzhen, China). CA15-3 antibodies and CA15-3 antigens standards, 
Phosphate buffer solution (PBS), Anhydrous ethanol (CH3CH2OH), 
Acetone (C3H6O), and Glycerin were purchased from Chengdu Kelong 
Chemical Reagent Factory (Chengdu, China). Potassium bromide 
(KBr), sodium chloride (NaCl), silver nitrate (AgNO3) were purchased 
from Sigma-Aldrich Company Limited (Shanghai, China). Bovine 
Serum Albumin (BSA) and other chemicals used were of analytical 
grade. Silver nanowires (AgNWs) were prepared in our lab. All other 
chemicals used were of analytical grade. All commercially obtained 
chemicals were used as received without further purification. Also, all 
aqueous solutions were prepared using double distilled water.

Synthesis of AgNWs

Silver nanowires were made by the solution processing method 
known as the polyol process [37] with some modifications. First, 6.68 
g of cysteine was added to 200 mL of ethylene glycol in a three necked 
round-bottom flask and stirred at 400 rpm using a magnetic stirrer. 
The mixture was then heated to a temperature of 170oC, and 0.1 g of 
potassium bromide (KBr), 0.2 g of sodium chloride (NaCl), and 2.793 g 
of silver nitrate (AgNO3) were added to the solution and stirred at 200 
rpm. The solution was then kept at 170oC for 4 hours to allow silver 
nanowires growth reaction to take place. The solution was then cooled 
to room temperature. The silver nanowire solution was filtered using a 
glass filter and centrifuged in order to get rid of particles that can reduce 
transmittance. 

Gold plating

The gold-plated method was used to optimize the surface 
characteristics of the ITO conductive glass to make it more suitable for 
the fabrication of the CA 15-3 immunosensor. An SBC-12 ion sputtering 
apparatus was used to sputter gold films on the ITO conductive glass. 
The sputtering process is as follows:

• The clean-dried ITO conductive glass pieces were kept on the 
workbench of the ion sputtering apparatus, the machine and 

Biosensor Linear
Range Reference

ITO/Au/AgNWs/Ab 3 IU/mL – 32 IU/mL Our work
AuNPs/Ab 5 U/mL - 75 U/mL [4] 

Cds QD/Cys/Ab 2 U/mL – 8 U/mL [5]  
RGO/Cus/screen-printed graphite electrode/

CA15-3 antibody 1 U/mL – 150 U/mL [38]

Gold electrode/streptavidin/anti-CA15-3 
monoclonal antibody 50 – 15 x 10-6 U/mL [39]

Table 1: Comparison of our work to previously prepared CA 15-3 antigen biosensors. 
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vacuum were turned on, and the vacuum was stabilized when 
the discharge current was within 10 mA.

• After the gold plating was completed, the glass slides were 
removed and the front part were marked and sealed to prevent 
contamination of the surface.

Measurements

Microscopic measurements were carried out using a biological 
microscope XSP-24 from Shangai Batuo Instrument Company Limited, 
Shnaghai, China. The microscope was connected to a computer with 
MW5CCD ScopePhoto software. To determine the morphological 
characteristics of the prepared silver nanowires, samples of the nanowires 
were placed under the microscope and clear images were captured 
on the computer with the aid of the MW5CCD ScopePhoto software 
and saved as BMP files. Measurements were also carried out for silver 
nanowires before after centrifugation. Before making measurements, 
the software was calibrated and the objective lens used was indicated. A 
WAY-2S ABBE refractometer from Shanghai ShenGuang Instrument 
Company Limited (Shanghai, China) was used to check the refractive 
index of the 26% glycerin solution and CA15-3 antigen mixtures. The 
Magnetic stirrer was bought from Japan Nikon, PHS-W series PH meter 
from Shanghai Lida Instrument Factory was used to determine the pH 
of the various solutions, Electric blast drying oven 101-0 from Beijing 
Kewei Yongxing Instrument Company Limited. Ultrasonic Oscillator 
from Kunshan Ultrasonic Instrument Company Limited. An SBC-12 
ion sputtering apparatus was used to sputter gold films on the ITO 
glass. Scanning Electron Microscope (SEM) JSM-6790LV from Japan 
Electronics Joel, A Hitachi U-2910 Double beam UV-Vis Spectrometer 
purchased from Hitachi High – Technologies Corporation (Tokyo, 
Japan) was used to characterize the modified electrodes

Sensor fabrication

Silver nanowires were deposited on the gold plated ITO glass (ITO/
Au electrode) and labelled ITO/Au/AgNWs electrode. CA-153 antibody 
solution was kept in a 24-well plate. The ITO/Au/AgNWs electrode was 
then placed in the CA-153 antibody solution and incubated at 4oC for 
48 hours to form ITO/Au/AgNWS/CA 15-3 antibody electrode. After 
the incubation, PBS was used to remove the unconjugated CA-153 
antibody solution from the sensor’s surface and placed in a 4oC freezer. 
The schematic illustration of the fabrication process is shown in Scheme 1.

Detection of cancer antigen 15-3 using the change of UV-
visible spectrum as an indicator

The principle behind the sensors detection of CA 15-3 antigen is 
that, the CA 15-3 antibody on the sensors surfaces specifically binds 
to the CA 15-3 antigen. This bond between the Antibody and antigen 
results in the antigen binding to the surface of the sensors and thereby 
changing the optical properties of the sensor such as surface resistance, 
light absorption, mass transfer, among others. UV-Vis spectroscopy 
was used to characterize the changes in the optical properties of the 
biosensors after CA 15-3 antigen was introduced. The relationship 
between the changes in the optical properties of the sensors and the 
concentration of CA 15-3 antigen were discussed and the results 
showed a significant linear relationship between them. This means that 
the method used is essential in the detection of CA 15-3 antigen. 

A series of glycerol solutions with different concentrations of CA-
153 antigen were configured, and their refractive indexes measured 
using a refractometer. The glycerol solutions containing different 
concentrations of CA-153 antigen were loaded into a cuvette and 

the sensor was kept inside the cuvette, the wavelength change of 
their characteristic absorption peaks were recorded with a UV-Vis 
spectrometer. 

Results and Discussion
The above experiments were done several times until the desired 

results were obtained. Figure 1A and 1B represents microscopic views 
of silver nanowires before and after centrifugation. The silver nanowires 
in 1B have good aspect ratios and thin diameters than in 1A. Nanowires 
with thin diameters and good aspect ratios are considered to be of great 
quality. Hence, the centrifuged silver nanowires are of good quality than 
the un-centrifuged silver nanowires, since they have thin diameters and 
good aspect ratios than the un-centrifuged silver nanowires. 

 Pictures were taken before and after gold plating (Figure 2A 
and 2B). After gold plating, the ITO glass looked dense. Scanning 
electron microscopy was further done to ensure that the gold plating 
was successful. From Figure 3, the distribution of the gold films on 
the surface of the gold-plated ITO conductive glass is very uniform, 
indicating that the gold plating was successful. 

The Ultraviolet visible absorbance spectrum of the various 
concentrations of CA 15-3 antigen with the sensor is illustrated in 
Figure 4. The optical properties of the sensor were altered after being 
exposed to the CA 15-3 antigen. This change is directly related to the 
amount of CA 15-3 antigen bounded to the surface of the sensor. 

The gold (Au) film between the ITO conductive glass and the 
AgNWs enlarged the interaction between CA 15-3 antibody and CA 
15-3 antigen, making it possibly to be detected. This increased the 
absorption intensity, which caused the CA 15-3 antigen to bind to the 
CA 15-3 antibody on the surface of the sensor, increasing the surface 
layer thickness and changing the sensor. The material distribution on 
the surface also increased the CA 15-3 antigen, which in turn increased 
the light absorption intensity. The UV absorption of the CA 15-3 was 
significantly magnified in the wavelength range of 320 nm to 350 
nm, and with the increase of the CA 15-3 antigen content, the UV 
absorption peak wavelength shifts blue (decreased in wavelength with 
a corresponding increase in frequency) (Figure 4). Table 2 represents 
the CA15-3 concentration, RIs and the wavelength change of the sensor.

In other to determine whether there is a significant linear 
relationship between the change in the surface properties of the 
sensor and the concentration of CA 15-3, the wavelength change and 
the CA 15-3 concentration were analyzed. The correlation coefficient 
(R) and the calculated P-value are -0.99016 and 0.00117 respectively, 
indicating that there is a strong significant linear relationship between 
the change in the optical properties of the sensor and the CA 15-3 
antigen concentration. As can be seen in Figure 5, the sensor has a linear 
response to CA 15-3 antigen at concentrations ranging from 3 IU/mL to 
32 IU/mL, indicating that the constructed sensor is effective.

Au AgNWs

CA153
 
Ab

CA153
 antigen

ITO ITO/Au ITO/Au/AgNWs

ITO/Au/AgNWs/CA153
 
AbITO/Au/AgNWs/

CA153
 
Ab/CA153

 antigen

Scheme 1: A stepwise schematic diagram of the biosensor fabrication process.
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A     B  

Figure 1: A: silver nanowires before centrifugation, B: silver nanowires after centrifugation. 

A     B 

 
Figure 2: A: ITO glass before gold plating, B: ITO glass after gold plating.

Figure 3: SEM image of gold plated ITO glass.
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Figure 4: UV spectral response of the sensor to different concentrations of 
CA 15-3 antigen.
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Wavelengths were plotted against the RIs. The relationship between 
the refractive index and the wavelength change is shown in Figure 6. 
The correlation coefficient and the calculated P-value are 0.98305 and 
0.00264 respectively, indicating that there is a strong significant linear 
relationship between the change in the optical properties of the sensor’s 
surface and the RIs.

We also determined the relationship between the refractive index 
and the CA 15-3 concentration (Figure 7). The correlation coefficient 
and the P-value are -0.97008 and 0.00618 respectively, indicating that 
there is a strong significant linear relationship between the refractive 
indexes and the CA 15-3 antigen concentration. The results show that, 
the sensor is valuable for the detection of CA 15-3, and suggests a new 
method which can be used to characterize the optical properties of the 
electrode surface. 

Conclusion
The fabricated RI sensor responds to CA 15-3 antigen within the 

linear range of 3 IU/mL to 32 IU/mL, and within the wavelength range 
of 320 nm to 520 nm. Our work has laid a good foundation for the 
establishment of a simple, sensitive and portable RI biosensor for the 
detection of CA 15-3 antigen at the point of care and for monitoring 
the level of CA15-3 during therapy. Even though more experiments 
and optimizations are being done to further make the sensor highly 
sensitive for clinical setting, our work showed promising statistics when 
compared to other previously prepared CA 15-3 antigen biosensors. 
This method can also be used to fabricate sensors for the detection of 
other breast cancer biomarkers and cancers in general. More work can 
also be done to improve the sensor for the detection of multiple breast 
cancer biomarkers.
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